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* Background

* Description of Methods
 OTM-45, OTM-50, M0010/8270
* Intent and Applicability

e Non-traditional sources

* Q&A
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PFAS Air Emissions Measurements
 Robust and accurate emission SEPA
measurement methods are needed to:
. PFAS Strategic Roadmap:
* Allow for comprehensive source EP's Commitmens o cton
characterizations

* Evaluate effectiveness of PFAS
destruction technologies

* Reliable and comprehensive emissions
data are needed to:
* Support state regulatory processes
* Inform federal decision making

“Develop and validate methods to detect and measure
PFAS in the environment”
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1. Industrial Sources
 Chemical production plants
* PFAS-using industries

2. Destruction technologies
* [ncineration
* Pyrolysis/gasification
* Emerging technologies

head roll

fuse zone

3. Others (landfills, wastewater treatment
plants, agueous film forming foam use)

bake zone

dry zone




ST i Atmospheric Fate & Transport

Air emissions

Dry deposition Wind transport

deposition
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Fluoropolymer
manufacturing
facility

Adapted from Davis et al., Chemosphere, 2007
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PFAS in New Jersey, soils collected from across the state were subjected to nontar- |,

geted mass-spectral analyses. Ten chloroperfluoropolyether carboxylates were ten- e

tatively identified, with at least three congeners in all samples. Nine congeners are ==&

>(CFa). Fluoropolymer

Distinct chemical formulas and structures, as well as geographic distribu-
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We | | persed more widely than heavier congeners, with the most widely dispersed de- .
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a legacy-PFAS fingerprint for historical PFAS sources in New Jersey.

m Nontargeted mass-spectral detection of chloroperfluoropolyether carboxylates in New Jersey soils | Science



https://www.science.org/doi/10.1126/science.aba7127

e What is an Other Test Method (OTM)?

* Formal method posted by EPA’s Office of Air
Quality Planning and Standards (OAQPS) Air
Emission Measurement Center

* Supported by field and laboratory data BN = N
* Reviewed by OAQPS technical staff
° NOt yet Subjected tO federal FU|emaking Environmental Topics v Laws & Regulations v Report a Violation v About EPA v
p rocess Air Emission Measurement Center (EMC) CONTACT US
* May be basis for promulgated EMC Home EMC Other Test Methods
method I Test Methods b
] Promulgated Methods On this page
* Intended to solicit necessary + breliminary bethoc
. . . . . Approved Alternatives L o
information to inform future revisions B . Zf:"“‘ja"‘;‘;’e:"d"“‘a”ce5”“'“““"”
onditional Methods L[] ther Test Methods
e Useful and available to the measurement other Mothods
community

* Enables coordination between policy
makers, facilities, & control technology
development

* Promotes consistency in measurements
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e Canister sampling (OTM-
50) with GC-MS analysis

* 30 targeted volatile
fluorocarbons

* Primarily known PICs
(products of incomplete
combustion), some industrial
PFAS

 Method 0010 sampling with
8270 GC-MS analysis (future
OTM-55)

* Targeted analysis for
fluorotelomer alcohols (FTOHs),
select 8270 compounds and
potential PICs

* Includes potential compounds
of concern

PFAS Sampling and Analysis
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* Not a current focus
* Impinger sampling?
* LC analysis?

(HILIC, Purge and * Limited number of PFAS in this class

Trap)
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POLAR

SEMI-VOLATILE
(OTM45)

 OTM-45 sampling with LC-
MS/MS analysis

* Currently includes 49 targeted
analysis (and standards) largely

related to drinking water
methods 533 & 537.1, 1633

P OLARITY

> * PFAS (C4 and larger)



PFAS Sampling and Analysis
2\
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a  OTM-45 sampling with LC-
< MS/MS analysis
= POLAR .
o * Currently includes 49 targeted
SEMI-VOLATILE
> (OTM45) PFAS (C4 and larger)
* Analysis (and standards) largely
n related to drinking water

> methods 533 & 537.1, 1633
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OTM-45 for Polar Semi-volatile PFAS

Agency

* Released 2021, revised 2024 (link)

* Developed through OAQPS & ORD
collaboration

* Analysis significantly informed by early PFAS
measurement experts
 EPA Method 533, 537.1, 1633
* 49 target compounds

e Sampling modeled after EPA Method 23

e Utilizes pre-sampling, pre-extraction, and
pre-analysis isotopes

PFBA PFBS MeFOSAA
PFPeA PFPeS EtFOSAA
PFHXA PFHXS 4:2 FTS
PFHpA PFHpS 6:2 FTS
PFOA PFOS 8:2 FTS
PFNA PFNS 10:2 FTS

PFDA PFDS ADONA
PFUNDA PFDoS HFPO-DA
PFDoOA FOSA F-53Major
PFTrDA MeFOSA  F-53Minor
PFTeDA EtFOSA NFDHA
PFHxDA N-MeFOSE PFEESA
PFODA N-EtFOSE

PFMBA

PFMPA

PFecHS
6:2 FTUCA
8:2 FTUCA
6:2 FTCA
8:2 FTCA
10:2 FTCA
3:3 FTCA

5:3 FTCA
7:3 FTCA


https://www.epa.gov/system/files/documents/2024-07/other-test-method-45-rev1-final-_1.pdf

SER. OTM-45 for Polar Semi-volatile PFAS

Agency

* Revision highlights
e Guidance on minimizing use of
Teflon® in sampling
* Improving robustness of XAD™
sorbent module procedure
* Water content affected
recoveries of pre-extraction
surrogates
* Solid phase extraction (SPE)
shows improved precision in
recoveries and removes
chromatographic interferents
* Revise list of target compounds &
surrogates
* Aligns with commercially
available Method 1633 isotope
groups
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Furnace

PFAS Output Options

OUTPUT OPTION:
Unchanged

OUTPUT OPTION:

Partial transformation
or reformation

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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B When to use OTM-45?

PFAS Output Options

OUTPUT OPTION:
Unchanged

3

OUTPUT OPTION:

Partial transformation
or reformation

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell



When to use OTM-45?

PFAS Output Options

j_ OTM-45
OUTPUT OPTION:
Unchanged

OUTPUT OPTION:

Partial transformation
or reformation

OB co. M0
'0
HF
l
OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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PFAS Output Options

A B H
. AW . OTM-45

OUTPUT OPTION:
Unchanged

3

S RPUTOPTION:  Known PFAS compounds of concern

Partial transformation * Replacement/emerging industrial
or reformation

| compounds
‘ i} "8, ¥ * If not a target compound, will
| -q" require additional non-targeted
X |] OUTPUT OPTION: analysis (NTA)

Mineralization

Photo Credit: Brown and Caldwell



Canister sampling (OTM-
50) with GC-MS analysis
30 targeted volatile
fluorocarbons

Primarily known PICs, some
industrial PFAS

Method 0010 sampling with
8270 GC-MS analysis (future
OTM-55)

Targeted analysis for
fluorotelomer alcohols
(FTOHs), select 8270
compounds and potential PICs
Includes potential compounds
of concern

PFAS Sampling and Analysis

AN

NONPOLAR

VOLATILE
(OTM50)

POLAR

VOLATILE
(HILIC, Purge and

Trap)

VOLATII L I TY

--------
2 Y

~"NONPOLAR ™.
{ SEMI-VOLATILE :
(8270/FTOH, :

. .
4, st
Sagmpus

POLAR

SEMI-VOLATILE
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Not a current focus

Impinger sampling?

LC analysis?

Limited number of PFAS in this
class

OTM-45 sampling with LC-
MS/MS analysis

Currently includes 49 targeted
PFAS (C4 and larger)

Analysis (and standards) largely
related to drinking water
methods 533 & 537.1, 1633



PFAS Sampling and Analysis

b

e Canister sampling (OTM-
50) with GC-MS analysis

e 30 targeted volatile
fluorocarbons

* Primarily known PICs, some
industrial PFAS

NONPOLAR

VOLATILE
(OTM50)

VOLAT I L 1 TY

POLARLITY >
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- OTM-50 for Nonpolar Volatile Fluorocarbons

Agency

e Posted in 2024 (link)
* Developed through OAQPS & ORD i i y i i

. 1 F | F F=t=H F=t=H F={=H F={=Cl F=|=Cl |:|—T—F
collaboration '- + : " f ; & RS e, RERS G
. 88.0,-128¢C 70.01,-82C 52.02,-52C 34.03,-TEC 104.46,-81C  86.47,-41C 137.37,24C § E?ﬁx--xﬁfa}.x 3 :-'I;T,J,}(;\; E
* Sample collected using evacuated, o ose ame
passivated, stainless-steel canisters L - TR0 U
° Critical Orifice to Control fIOW 138.01,-78C 120002, -485C 102.3,-27 C 84.04, 47 C 100,01, -76 C
. . . I?}F:#KF F&F F, FFKF F“f P
* Impingers included when . o F ORI e T
.« > 3% Hz O 3 ET{T“E :'T_.;T:E E‘-j'#ﬂ""*rr": F:'..x'r :FF 388.05,80C 370.06,96 C
. 188.02,-39C  170.03,-16 C  150.02,-29C  166.02,-27C
* Acid gas present SRS e L RSRRS L
* Analysis via gas chromatography- el e, KEA s s aling e ee
. 4 F:vr}“-r‘kn: F*_:,-f""xkr FJ_[F 438.06, 103 C 43007, 118 C
mass spectrometry (GC-MS) with ANy I
238.03,-2C  22004,15C 200003, -6C
pre-concentrator
. . FFF F FFFF CRF . F?F FF e .
* Equipment required analogous to s prbele nplols SO e el 7 T,_,vwk:
TO-lSA 288.03,29C m: m 41: FoF 286,03, 30 P EHE

212.04,27 C 45208, 101 C



https://www.epa.gov/system/files/documents/2024-01/otm-50-release-1_0.pdf
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Agency

e Posted in 2024 (link)
* Developed through OAQPS & ORD
collaboration
* Sample collected using evacuated,
passivated, stainless-steel canisters
 Critical orifice to control flow
* Impingers included when
* >3%H,0
* Acid gas present
* Analysis via gas chromatography-
mass spectrometry (GC-MS) with
pre-concentrator
* Equipment required analogous to
TO-15A

- Stack Wall

Inertly Coated SS or Glass Lined

L& B
y

OTM-50 for Nonpolar Volatile Fluorocarbons

Heated Probe

|

Hot Box and
PM filter

1%

'mﬂw
o |I|® !
, LUa

.
i = Summa
| Canister

-

.
L

ssfssscnsvs
odn

15ml DI Water Empty Impinger
(each)



https://www.epa.gov/system/files/documents/2024-01/otm-50-release-1_0.pdf

OTM-50 Unknowns Analysis

.......

* Target list not exhaustive
 NOT a “tentative identification.” Report includes:
* Visualization of chromatographic peak
* Retention time
B * Integrated peak area

* Unknown spectrum
* Top 5 spectral matches (no minimum!)
A C e |f >80% match, library spectrum for top hit
* Additional analysis (outside of OTM-50) may be done to
‘ identify & confirm unknowns

EELLERE

Asunclnge (o |

D * GC-high resolution MS
‘ * Possible future OTM-50 target compounds
“[ | ‘ ‘ * Allows method to respond to industry changes
|

\ I * NOT specific to volatile fluorinated species
* May identify/track next emerging contaminant
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PFAS Output Options

OUTPUT OPTION:
Unchanged

3

OUTPUT OPTION:

Partial transformation
or reformation

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell



When to use OTM-50?

PFAS Output Options

OUTPUT OPTION:

Unchanged OTM 50
OUTPUT OPTION:

Partial transformation
or reformation

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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OUTPUT OPTION:

Unchanged OTM 50
OUTPUT OPTION:

Partial transformation
or reformation

PFOA, PFOS,
GenX

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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OUTPUT OPTION:

T OTM-50
OUTP%TION: /

Partial transformation
or reformation

PFOA, PFOS,
GenX

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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Agency

OUTPUT OPTION:

T OTM-50
OUTP%TION: /

Partial transformation
or reformation

HFPO, TFE,
Fluoroether E-1

PFOA, PFOS,
GenX

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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Agency

OUTPUT OPTION:

Unchanged OTM'SO

OUTPUT OPTION: / /

Partial transformation
or reformation

HFPO, TFE,
Fluoroether E-1

PFOA, PFOS,
GenX

OUTPUT OPTION:
Mineralization

Photo Credit: Brown and Caldwell
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Agency

OUTPUT OPTION:

Unchanged OTM'SO

OUTPUT OPTION: / /

Partial transformation
or reformation

HFPO, TFE,
Fluoroether E-1

PFOA, PFOS,
GenX

\. * Products of incomplete destruction of
OUTPUT OPTION: |arger PFAS
Mineralization . « o
* Industrial emissions of nonpolar VOCs
* Unknowns analysis -> not limited to 30
targets
* Not just F-containing compounds

Photo Credit: Brown and Caldwell



Canister sampling (OTM-
50) with GC-MS analysis
30 targeted volatile
fluorocarbons

Primarily known PICs, some
industrial PFAS

Method 0010 sampling with
8270 GC-MS analysis (future
OTM-55)

Targeted analysis for
fluorotelomer alcohols
(FTOHs), select 8270
compounds and potential PICs
Includes potential compounds
of concern

PFAS Sampling and Analysis
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Not a current focus

Impinger sampling?

LC analysis?

Limited number of PFAS in this
class

OTM-45 sampling with LC-
MS/MS analysis

Currently includes 49 targeted
PFAS (C4 and larger)

Analysis (and standards) largely
related to drinking water
methods 533 & 537.1, 1633



PFAS Sampling and Analysis
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* Method 0010 sampling with ||
8270 GC-MS analysis (future -'| 4 R OLAR °,
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. (8270/FTOH, :

* Targeted analysis for g 4 I\:e/CI;)
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(FTOHs), select 8270 -
compounds and potential PICs | POLARITY >

* Includes potential compounds
of concern




SR i Nonpolar Semi-volatile Fluorocarbons

* Need a method for fluorotelomer
alcohols (FTOHs) and other semi-volatile
fluorinated compounds (SVFCs)

FFFE F

}1()//\N\’;><ijﬁflyixTi:F:
F

F F F

n:2 FTOH
F
F

OH

LRl

atmospheric
transport

W
PFCA

e
F OH
F Environ. Sci. Technol. Lett. 2024, 11, 7, 730-737

n
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Nonpolar Semi-volatile Fluorocarbons
* Need a method for fluorotelomer * Need a method to characterize potential
alcohols (FTOHs) and other semi-volatile products of incomplete combustion
fluorinated compounds (SVFCs) (PICs) / products of incomplete
destruction (PIDs) of concern
F FF F F F
HO/\)%<F F F
v T L
F
n:2_ F:I'DH F F
l;msphem O
transport
PFCA

£lo
F OH . .
L Environ. Sci. Technol. Lett. 2024, 11, 7, 730-737 Environmental Pollution 2010, 158, 9, 2809-2814

n
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Vi Nonpolar Semi-volatile Fluorocarbons
* Need a method for fluorotelomer * Need a method to characterize potential
alcohols (FTOHs) and other semi-volatile products of incomplete
fluorinated compounds (SVFCs) combustion/destruction (PICs/PIDs) of
concern £ E
F FF F E F
HO/\)%<F “
FF F I F F
F F

Approach based on SW-846 Methods 0010/3542/8270 — PAHs and other semi-volatile
organic compounds




SEPA : : :
VR 2024 Destruction & Disposal Guidance

Agency

Appendix A: EPA Guidance to Conduct PFAS Emissions
Field Testing at Commercial Thermal Destruction

Sources

EPA’s Other Test Method (OTM) 45 would be used to collect polar semivolatile PFAS compounds for
targeted analyses. The method’s 50+ target analytes include many PFAS commonly found in AFFF. This
would enable DE, DRE, and emission rate determination as appropriate for a known list of PFAS
compounds.

The OTM-50 canister sampling method would be used to collect nonpolar volatile PFAS compounds for
targeted compound analyses. The current target list includes CFs and C:Fs as well as a procedure to
identify unknown volatile fluorocarbons.

* Samples would be collected for other semivolatile target compounds using methods SW-846
Methods 0010/3542/8270 with the inclusion of the Method 8270 procedure. Carbon hexafluoride
(C2Fs) and carbon tetrafluoride (CFs) could be injected during one day of testing, ideally at multiple
injection locations, as a surrogate measure of destruction efficiency if appropriate and permitted.

Interim Guidance on the Destruction and Disposal of PFAS and Materials Containing PFAS | US EPA



https://www.epa.gov/pfas/interim-guidance-destruction-and-disposal-pfas-and-materials-containing-pfas

When to use Method 0010/3542/8270?
Source

PFAS Output Options

OUTPUT OPTION:

bnchange M0010/3542/8270

FTOHs, other
semivolatile jJ ‘/ ‘/
PFAS OUTPUT OPTION:

Partial transformation
or reformation

PFOA, PFOS,
GenX

OUTPUT OPTION:
Mineralization

Potential PICs/PIDs
Semi-volatile nonpolar/neutral PFAS
Unknowns analysis

Photo Credit: Brown and Caldwell



e — Is this OTM-557?
What we know: What we still don’t know:
 SW-846 Method 0010*/3542/8270 e Target compounds
 Unknowns analysis e (Quantitation approach(es)
* Pre-sampling, pre-extraction, and pre- e Sequential extraction viability

analysis surrogates

Data from early experiments will largely inform what is needed for OTM-55

*Modified



SEPA .
~ B Other (non-traditional) sources

Landfills?
Low-flow, pilot-scale systems?

Duplicate sampling train

OTMs may not apply directly, but Landiill gas well head s B
principles of sound measurement & J
analysis do! [ ]
* Appropriate sample/analysis
strategy for compounds of interest . [
* Pre-sampling, pre-extraction, pre- = _H
analysis surrogates Cordenes oo Vasuuimip
* Performance-based methods:
QA/QC guidelines are the
backbone and designed to

evaluate success of measurement

Existing sampling port

I

' PUF/XAD-2 cartridge
Variable flow rotameter

- o

Environ. Sci. Technol. Lett. 2024, 11, 7, 730-737




ST Concluding Key Points

* Accepted PFAS and PFAS-related emissions measurement methods are needed for
multiple purposes & sources
 OTMs are recognized as what’s needed for accepted use
e OTM-45 is currently available for polar semi-volatile PFAS
 OTM-50 is currently available for nonpolar volatile fluorocarbons(VFCs)
* Developing a method for nonpolar semi-volatile fluorocarbons (OTM-55)
* Access to actual sources to evaluate methods and conduct comprehensive source
characterization is critical
* Collaboration and partnership, both internal and external, is integral
* We continue to make significant progress!

FF
F FE F F F
Ho/\)%ﬂlz “
FF E F F F
F F
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Stephen Jackson, PhD

Chemist

Center for Environmental Measurement & Modeling
US EPA ORD

Jackson.Stephen@epa.gov

919-541-0938

PFAS Source Measurements Team
Jeff Ryan — EPA/ORD
Erin Shields — EPA/ORD
William Roberson — EPA/ORD
Ariel Wallace — EPA/ORD
Ken Krebs — EPA/ORD
Ray Merrill — EPA/OAQPS
David Berkowitz — EPA/OAQPS
Matt Allen — Jacobs Inc.
Faith Waldron — Jacobs Inc.
Bill Preston — CSS Inc.

The views expressed in this presentation are those of the authors and do not necessarily reflect the views or policies of the US EPA. Any mention of trade names,
products, or services does not imply an endorsement by the US Government or EPA. EPA does not endorse any commercial products, services, or enterprises.
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SEPA cc
VT PFAS are Difficult to Destroy

Agency

e “Forever” chemicals

;f'lw; WIKIPEDIA

YW 'The Free Encyelopedia

R

= (Carbon—tluorine bond

Article Talk

From Wikipedia, the free encyclopedia

The carbon-fluorine bond is a polar covalent bond between carbon and fluorine that is a

component of all organofluorine compounds. It is one of the strﬂngest single bonds in chemistry




e “Forever” chemica

LA
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Article Talk

From Wil{ipEdia,J

The carbon-flu
component of all

@ Carbon @ Fluorine «Sulfur @ Oxygen « Hydrogen

PFOS (8-carbon chain)
6 66 66 ¢ 6

e © © e e //e
o © ® © @ /
¢ ©0 o0 o060 ‘¢ ©.
PFOA (8-carbon chain)
e 66 66 \ &
® ® ® o'\ ©.
© ,
©e 66 660
‘GenX’
® ® @
e _© e Ne
® ® ® \ )
® s o0 .
o e

orine that is a
bonds in chemist
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